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ABSTRACT 
Immune Response in cattle is determined by polymorphism of major histocompatibility 
complex (MHC) gene mainly Bovine Lymphocyte Antigen. The aim of this study is to identify the 
genetic polymorphism of Bovine Lymphocyte Antigen (BoLA DRB.3) gene exon 2 as a marker for 
infectious disease resistance of Bali cattle in South Sulawesi, Indonesia. A total of 200 blood 
samples were extracted for DNA templated. It was amplified by using a PCR-RFLP method and 
digested with Pst1 restriction enzyme. Restriction of PCR product by Pst1 enzyme represented two 
digested fragments. The pp homozygous genotype showed two fragment 270 and 15 bp (not 
demonstrated). Pp heterozygous genotype showed four fragment 270, 226, 44 (not demonstrated), 
and 15 bp (not demonstrated). Reffering from this result this research, the frequency of allele P 
(0.925), allele p (0.075). The frequency genotype of PP (0.850), frequency of genotype Pp (0.150), 
polymorphism information content (0.129). Heterozygosity observed (0.150) and heterosygosity 
expected (0.139). 
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INTRODUCTION 
Bali cattle is an indigeneous cattle in Indonesia (Mohamad et al. 2009; Martojo 2012; 
Purwantara 2012) and until very recently, there are no available information relate to 
genetic polymorphism Major Histocompatibility Complex (MHC) gene or BoLA DRB.3. 
The gene is important in marking  disease resistance for cattle. MHC is clasified into three 
different classes, class I, II, and III. 
The major histocompatibility complex (MHC) is a fundamental part of the immune 
system in nearly all vertebrates. It is one of the most important genetic systems for 
infectious disease resistance in vertebrates. There are three different groups of 
histocompatibility antigens, class I, II, and III. Class I molecules consist of an alpha chain 
with a molecular mass of about 45 KDa (heavy chain) associated noncovalently with β2-
microglobulin chain which is around 12 Kda and the molecules are expressed in all 
nucleated cells, and their main function is to present peptides to CD8+ T-lymphocytes, 
which kill virus-infected and neoplastic cells. The class II gene are distributed in two 
regions, II a and II b, with an approximate recombination frequency of 17% (Davies et al. 
1997; Bastos-Silveira et al. 2008).  
The DRA, DRB, DQA, and DQB genes are located in the II a region, while the DOB, 
DYA, DYB and DIB genes in the IIb region. There are at least three DRB-like genes 
(DRB1, DRB2, and DBR3) in the BoLA region, among which only the DRB3 gene is 
expressed considerably and is highly polymorphic (Andersen et al. 1988; Davies et al. 
1997). The aim of this research was to observe polymorphism of BoLA DRB3 in Bali 
cattle which became a genetic marker in selection program. 
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MATERIAL AND METHODS 
DNA extraction 
Blood samples (aproximately 2 to 4 ml) were obtained from jugularis vein of 200 
heads Bali cattle, into a vacuntainer tube containing and stored in 10% of 0.5 M EDTA-
coated vacuntainer tubes (BD Vacuntainer Systems Plymuth. UK). The samples were 
collected from different villages and other region in South Sulawesi (develompment area 
of Bali cattle in Indonesia). Genomic DNA was isolated from blood plasma using DNA 
extraction kit (Qiagen, Germany) accordance to the protocol of the manufacture. The total 
DNA was measure at 260 nm optical density according to the methods described by 
Sambrook & Russell (2001). 
Amplification of BoLA DRB3 exon 2 
The second exon of the BoLA DRB.3 gene was amplified by polymerase chain 
reaction (PCR). The isolated DNA was used for PCR amplification of the DRB.3 gene 
fragment of 285 bp. Primer specific for exon 2 BoLA DRB.3 were used to amplification 
for this region according Ripoli et al. (2004) and Miretti et al. (2001) (F: 5’-
GAGCCTCCAG AGAAATACAGGC-3’), R: (5’-TGTTTCAGAAAAGGACCTTC-3’). 
Reactions were carried out in a final volume of 25 µl. Each µl PCR reaction contained 100 
µl DNA, 0.2 pM of each primer, 1 × PCR buffer, 1.5 mM MgCl2, 200 mM dNTPs and 1 
unit Taq DNA polymerase (Fermentas, Germany). The PCR with primers was performed 
under the following conditions: initial denaturation at 95°C for 5 mins, followed by 30 
cycles of denaturation at 94°C for 1 min, annealing at 59°C for 1 min and elongation at 
72°C for 1 min. 
PCR-RFLP of BoLA DRB3 exon 2 
The PCR amplified products were digested separately with the restriction PstI 
(Fermentas, Germany). For restriction enzyme: 7 µl of concentrated PCR products were 
digested at 37°C over night with three units of PstI. The digestion products were separated 
by horizontal electrophoresis (85 volts, 50 mins) in 2% agarose gels in 1 × TBE and 10% 
ethidium bromide. 
Statistical analisys 
Data were analyzed by calculating allele and genotype frequencies (Nei & Kumar 
2000). The allele and genotype frequencies were calculated by the following formulas:  
x i = Allele frequencies; nij = Number of genotype Ai Aj; nii = Total of genotype Ai Ai; 
n = Total sample; ĥ = heterozygosity. 
Hardy-Weinberg equilibrium was tested by the χ 2 (Chi-square) (Noor 2008) 
following formulas: where χ 2 = Hardy-Weinberg equilibrium test; O = Observed number 
of genotype; E = Expected number of genotype. 
                               
χ 2 
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RESULTS AND DISCUSSION 
Amplification and genotyping of BoLA DRB3 exon 2 
The amplicon BoLA DRB3 exon 2 was 284 bp (a lenght expected size as shown in 
Figure 1). This length was consistent with Ripoli et al. (2004) and Ruzina et al. (2010). 
 
M: DNA marker ladder 100 bp; Lane 1-7: Samples 
Figure 1. Amplification of BoLA DRB.3 gene exon 2 region 
An important role in the immune system of cattle is decided by a close relationship 
with level of resistance to diseases. Referring from previous research, it is determined by 
MHC gene or Bovine Lymphocyte Antigene (BoLA) which found on the short arm bovine 
chromosomes 23 (BTA 23). 
Bovine Lymphocyte Antigene has became a candidated gene and a major topic for 
researchers to observe due to two several reasons: (1) The function of this gene in 
controlling the immune response of the organisme to viral and bacterial infections; and (2) 
A high level polymorphism. 
As can be seen from Figure. 2, it was found that only two different alleles in Bali 
cattle, allele P and p, in Pst1 restriction. Meanwhile, a research conducted by Ningtiyas et 
al. (2014) found five different alleles (A, B, C, E, and F) by using restriction enzyme 
HaeIII at the same fragment (exon 2). 
In Bali cattle, using BoLA as a marker gene is very important in selection due to Bali 
cattle very susceptible to infection Jembrana disease and anthrax. Both diseases become a 
primary disease in Bali cattle. 
 
Figure 2. Genotypic of BoLA DRB.3 gene exon 2 region 
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The PstI polymorphism site expressed at bands 226-, 44-, and 15- bp (P restriction 
pattern) and 270-, 15 bp (p restriction pattern). Lane M = 100 bp ladder marker, lane 1, 2, 
3, 4, 8, 9, and 10 as the pp homozygous genotype showed two fragment 270 and 15 bp (not 
demonstrated), lane 5 and 7 as the Pp heterozygous genotype showed four fragment 270, 
226, 44 bp (not demonstrated), and 15 bp (not demonstrated). 
The result showed frequency of allele P (0.925) and allele p (0.075), frequency of 
genotype PP (0.850) and frequency of genotype Pp (0.150) and pp (0.000). It can be 
assumed that a low level of genotype and frequency in Bali cattle is caused by its breed has 
not been crossed to other. Similarly, Wu et al. (2010) also found a low level of frequency 
allele and genotype in Argentinian Creole. 
Puja et al. (2011) observed Bali cattle and they found a different amount of alleles, 
seven alleles in Bali province while nine different alleles in Nusa Penida Island. 
Interestingly, the amount of different alleles in Puja’s research is higher compared to the 
result of this research. 
Referring from Table 1, heterozigosity of BoLA DRB3 exon 2 gene (Ho) was 0.150 
and 0.139 of He. This amount was small compared to Ningtiyas et al. (2014) which found 
the amount of 0.755 (Ho) and 0.644 (He). It is indicated that Heterozigosity of BoLA 
DRB3 exon 2 gene is highest in locus HaeIII compared to locus Pst1. 
Table 1. Genotype and allele frequency BoLA DRB3 exon 2 gene 
Population 
Freq. of allele Freq. of Genotype Heterozigosity 
X2 PIC 
P p PP Pp Pp Ho He 
Bali 0.925 0.075 0.850 0.150 0.000 0.150 0.139 0.526 0.129 
χ 2: Chi-square; Ho: Observed heterozygosity; He Expected heterozygosity; PIC: Polymorphism 
information content 
CONCLUSION 
BoLA DRB.3 exon 2 gene in Bali cattle is polymorphic and it can become a marker 
assisted selection to immune response and disease resistance. 
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